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Toxicogenomics Defined

Toxicogenomics Is the study of the response
of a genome to environmental stressors and
toxicants.

- Combines genetics, genomic-scale mRNA
expression (transcriptomics), cell and tissue-
wide protein expression (proteomics),
metabolite profiling (metabonomics), and
bioinformatics with conventional toxicology in an
effort to understand the role of gene-

environment interactions in disease.




Systems Toxicology: a complete description of
the toxicological interactions within a system

Ideker, Galitski, & Hood (2001) A new approach to decoding life: systems
biology. Ann Rev Genomics Hum Genet 2: 343-372.
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Waters, et al. (2003) Systems toxicology and the Chemical Effects in Biological
Systems (CEBS) knowledge base. Environ Health Perspectives 111: 811-824.



— A Knowledge Base Defined

A knowledge base uses data and information to

carry out tasks that create new information and
new understanding.

- The CEBS knowledge base aims to be a
dynamic system for integrating large volumes of
disparate information in a framework that serves
as a continually changing heuristic engine.

- CEBS will evolve both in content and capabilities
to become a “system of predictive toxicology.”



= Toxicogenomics Objectives
Why do we need CEBS?

Compare toxicogenomic effects of chemicals/
stressors across species

- Yielding signatures of altered gene/protein expression

“Phenotypically anchor” these changes with
conventional toxicology data

- Classifying effects as well as disease phenotypes

Delineate global changes as adaptive, pharmacologic
or toxic outcomes

- Defining biomarkers, sequence of key events,
modes/mechanisms of action




Two Hallmarks of CEBS

Sequence Anchoring:  Phenotypic anchoring:

Probes are anchored In Toxicological effects
genomic sequence (expression profiles) are
(chromosome anchored in phenotype using
coordinates) controlled vocabulary.
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fmg Bioinformatics & Interpretive Challenges
Opportunities in building a Knowledge Base

Toxicogernomics

Chemical treatment (SAR) € = = = = :

ns (An_no_tat.ion"‘5‘"""‘wﬁjﬁiﬁiﬁf"fjffji;;

gSequentlalﬂevePts) i <

Toxicology/pathology (Adverse effects) = == =



Immediate Objective
Establish a Database to:

Capture, store and analyze gene expression data produced
from toxicogenomic experiments in different laboratories

Interrogate gene expression data using queries from genomic,
experimental and toxicological domains

Gain knowledge of relationships between gene expression
changes and toxicological endpoints

Main Challenge

Provide internally consistent data, and allow comparability
among many toxicogenomic experiments — standards are
essential



Toward Public Data Exchange
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Please contribute your tox microarray experiments here and join our community of r:nntrlbutmg smentlsts Step-hy-
step instructions for experiment submissions are available online or for download, )
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Search the CEBS Microarray site for microarray experiments submitted by fellow scigntists,
Retrieve detailed experiment information, such as factors studied, protocals, chip design information, etc.
Access raw data files, which are available for download.

The CEBS Analysls Tool suite
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Compare Arrays to Identify Differentially Expressed Gene(s)

Minimum Fold change: EIEN

Statistical Significance: (only applicable when comparing multiple samples/arrays)

1. Apply the following test for each gene:
o ttest Welch's two sample ttest
# Wilcoxon Test: Mann-¥hitney test

2. Choose a pvalue threshold and a multiple testing procedure to apply

@ Directly use single gene test p-values at threshold of NG|

® Control False Discovery Rate (FDR) with adjusted pvalue below m

Method to control FOR:
@ Benjamini & Hochberg step-up procecdure
® Benjamini & Yekutieli step-up procedure

® Control Family-wise Type-| Eror Rate (FWER) with adjusted p-value below [EIIE|

Method to control FWER:

@ Holm step-down procedure

® Sidak single-step procedure
® Sidak step-down procedure
® Bonferroni

& Do not use the p-values for gene selection

Biological Analysis of Gene Expression Data
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Now Gaining Content for CEBS

Intramural and Extramural Partnerships

Toxicogenomics NIEHS Microarray and j§ External Partnerships

Research Consortium Proteomics Groups EBI, NCICB, ILSI, BIPI,

DU, MIT, OHSU, UNC, FHCC-UWA & I '
NIEHS Microarray Group TOX/Path Team EPA’ Paradlgm Genetics

Data Sharing Data Sharing

Chemical Effects in Biological Systems (CEBS)
Knowledge Base

National Toxicology Program




NCT- EPA Collaborations
(CEBS)

e Metabonomics Center of Excellence with NERL.

 SAR Interface with DSSTox, Research in Toxicogenomics,
Computational Toxicology with NHEERL.

« Toxicogenomics Applications in Risk Assessment with NCEA.

The Environmental Science Portal
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To integrate modern computing and information
technology with the technology of molecular
biology and chemistry to improve EPA’s
prioritization of data requirements and risk
assessments for toxic chemicals
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Conclusions

e Toxicogenomics will change the way toxicology
IS performed.

e Toxicogenomics will contribute new methods,
new data, and new interpretation to
environmental toxicology.

« CEBS will be a key component in toxicological
Interpretation — linking transcriptomics,
proteomics, metabonomics, and toxicology to
generate new knowledge.
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